Smoking cessation decreases morbidity and mortality due to chronic obstructive pulmonary disease (COPD). Pharmacotherapy for smoking cessation is highly effective. However, the optimal prescription rate of smoking cessation medications among smokers with COPD has not been systemically studied. The purpose of this study was to estimate the national prescription rates of smoking cessation medications among smokers with COPD and to examine any disparities therein.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality worldwide, and has been listed as the third most common cause of death by the World Health Organization [1] . Both the prevalence and mortality of COPD are rapidly increasing [1] [2] [3] [4] . In 2007, 5.8% of adults aged 48 to 64 years had COPD [4] . Due to its chronic and progressive disease course, the economic burden of COPD to patients and to society as a whole is substantial [3] [4] [5] [6] . In 2008, the estimated total cost of COPD was $68 billion in the US, of which direct costs accounted for $53.7 billion [2] . The annual COPD-related cost for an individual with commercial insurance was estimated as $3949 in 2006 [4] .
A large number of studies have been conducted to identify interventions to decrease the morbidity and mortality of COPD. Smoking cessation is one of the most effective interventions to decrease morbidity in COPD patients, as measured in terms of improvements in pulmonary function tests, fewer respiratory symptoms, and a lower hospitalization rate, as well as reduced mortality [7] . However, studies have shown that 30-40% of symptomatic COPD patients still smoke [8] . Various approaches to achieve smoking cessation have been proposed, including counseling, behavioral interventions, pharmacotherapy, and combinations thereof [9, 10] . Pharmacotherapy, including varenicline, bupropion, and nicotine replacement treatment (NRT), is more effective than behavioral intervention alone [10] [11] [12] . A review article by Tønnesen [13] reported a successful rate of smoking cessation with pharmacotherapy among smokers with COPD. Considering that smoking cessation has significant benefits on lowering morbidity and mortality, and pharmacotherapy is known to be more effective for smoking cessation than behavioral therapy alone, the prescription of such medications for smokers with COPD should be highly recommended in the outpatient setting. However, few studies have reported whether these medications are prescribed adequately to current smokers with COPD. Previous studies have shown various prescription rates (8.8-16 .9%) in different healthcare settings [14] [15] [16] [17] . Kim and Jeong [18] reported a smoking cessation medication prescription rate of 20% at a special smoking cessation clinic, but this proportion was for the general population, not COPD patients.
The purpose of this study was to estimate the national prescription rate of smoking cessation medications in smokers with COPD and to identify any differences in prescription rate according to patient characteristics.
METHODS

Data
We conducted a retrospective observational study using the National Ambulatory Medical Care Survey (NAMCS) database from 2007 to 2012. The NAMCS is a national survey conducted by the Centers for Disease Control and Prevention (CDC). Its goal is to provide objective and reliable information about ambulatory medical care service utilization in the US through a survey of visits to non-federally employed office-based physicians [19] . Randomly assigned physicians were surveyed about random samples of visits and the patients' demographic and clinical data were collected to construct an annual dataset for national estimation purposes. Institutional review board approval was not needed since the NAMCS data are publicly accessible. NAMCS data do not contain any identifiable patient information.
Selection of Eligible Subjects
The NAMCS provides 3 diagnostic codes per each patient. If a patient had any diagnostic code for COPD, then the patient was selected. We used the International Classification of Diseases, Ninth Revision, Clinical Modification codes 491, 492, and 496. Additionally, if a patient was known to have COPD by the physician, then the patient was also selected. Active smokers were identified using the survey question, "Does your patient smoke cigarettes?" NAMCS also provides information on up to 10 medications that the patient was taking. If any of the 3 medications of interest-varenicline, bupropion, and NRTwas listed, it was considered that the patient had been prescribed a smoking cessation medication. We used population weights that were provided by the CDC to generate a national estimate [19] .
Variables
NAMCS provides data on demographic variables such as age, sex, ethnicity and insurance information, as well as comorbidities including depression, asthma, cancer, cardiovascular disease, chronic renal failure, congestive heart failure, diabetes, hyperlipidemia, hypertension, ischemic heart disease, obesity, osteoporosis and COPD. NAMCS also contains information about whether the physician's location of practice was a metropolitan area or not.
Statistical Analysis
We first estimated the total number of COPD patients and active smokers in visits each year using survey tabulate analysis. The Pearson chi-square test was conducted to explore changes over time. We did not use the Cochran-Armitage test for trend, as we employed a survey tabulate analysis. We then conducted multiple survey logistic regression to estimate odds ratios (ORs) for the prescription of smoking cessation medications using demographic variables and comorbidities. Stata/IC version 14.2 (StataCorp., College Station, TX, USA) was used for all statistical analyses. The p-values <0.05 were considered to indicate statistical significance.
RESULTS
The total estimated number of adult visits over the 6 years of the study was 4 744 275 777. Among them, 215 935 667 (4.55% of all adult visits) were made by patients estimated to have COPD, and 53 107 842 of the COPD patients (24.59%) were estimated to be active smokers. Among the active smokers with COPD, the average prescription rate for any smoking cessation medication during the study years was 3.64%. The percentage of COPD patients and the percentage of active smokers have not changed over time (Table 1) . However, the prescription rate declined each year, except for a slight increase in 2012: 9.91% in 2007, 4.47% in 2008, 2.42% in 2009, 1.88% in 2010, 1.46% in 2011, and 3.67% in 2012 (Figure 1 ). Among the 3 medications, varenicline was the most commonly prescribed, followed by bupropion and NRT (Table 1) . Multiple survey logistic regression showed that the year of the survey was associated with a lower prescription rate (OR, 0.60 for each year; 95% CI, 0.44 to 0.81), which means that the likelihood of prescription decreased over time. Hispanic race and depression were associated with higher prescription rates (OR, 5.15; 95% CI, 1.59 to 16.67 and OR, 2.64; 95% CI, 1.26 to 5.51, respectively). There were no significant differences in the prescription of smoking cessation medications according to insurance, loca- tion with the year of prescription among the 3 medications (OR, 0.39; 95% CI, 0.26 to 0.61). It was less likely to be prescribed among those who had "other" insurance (OR, 0.04; 95% CI, 0.00 to 0.32). Nicotine was the least prescribed medication, and its prescription rate did not show a significant relationship with the year of prescription. However, it was more likely to be prescribed among younger patients and the Asian/ other race population (OR, 0.96; 95% CI, 0.93 to 0.99 and OR, 39.46; 95% CI, 2.49 to 625.95).
DISCUSSION
Our study showed a very low and overall declining prescription rate of smoking cessation medications. The prescription rate was lower than previously described [14] [15] [16] . Vaidya et al. [15] reported an overall prescription rate of 8.8% for smoking cessation medications among smokers with COPD using a nationally representative dataset, the Medical Expenditure Panel Survey, from 2006 to 2010. Jarlenski et al. [16] reported a 16.0% utilization of smoking cessation medications among Medicare beneficiaries who were smokers with COPD. Another study using Veterans Administration data showed a dispense rate of 16.9% for smoking cessation medications upon discharge from the hospital among patients who were actively smoking when admitted for acute COPD exacerbation [14, 17] . The lower prescription rate in our study might be explained by the limitations of the NAMCS. Medication utilization, such as over-the-counter NRT, could have been under-reported on physician surveys. Values are presented as odds ratio (95% confidence interval). NRT, nicotine replacement therapy; NH, non-Hispanic; MSA, metropolitan statistical area; CVD, cerebrovascular disease; CRF, chronic renal failure; CHF, congestive heart failure; IHD, ischemic heart disease; N/A. not applicable. *p<0.05.
The prescription rate was calculated based on the number of visits, not the number of patients, which might have skewed the results. Regardless, it is discouraging that most studies have consistently shown low prescription rates for smoking cessation medications among smokers with COPD, despite its significant effectiveness. The optimal prescription rate for smokers with COPD has not yet been established. However, the results of this study should alert clinicians who are caring for patients with COPD to assist them in optimizing their care. Further study to establish the ideal prescription rate in smokers with COPD and to identify the barriers against prescribing smoking cessation medication should be conducted. Table 1 shows that the overall frequency of the variables increased over time, but the actual percentage for current smokers among COPD patients decreased. This is thought to be due to the sampling methods. The NAMCS was built to allow researchers to estimate outcomes using weights considering the demographic or geographic information of the subjects. An increase in absolute frequency in sampled subjects does not always reflect an actual increase in population frequency. Furthermore, the NAMCS increased the sample size from 3819 physicians in 2011 to 15 740 physicians in 2012 [19] . Hence, the frequency of the sampled subjects has increased, but the actual percentage of the smokers in COPD did not increase.
Interestingly, our study showed a higher OR for prescription of smoking cessation medications among the Hispanic population. However, Vaidya et al. [15] reported an OR of 0.70 for prescription of smoking cessation medications among the Hispanic population. Our analysis (Table 2) showed that this high OR was mainly driven by a high prescription rate of bupropion among the Hispanic population. The results presented in Table 2 also show a high NRT prescription rate among the Asian/others population. The authors believe that this finding was due to the very low prescription rate and small number of observations in the Hispanic and Asian/others populations. As Table 1 shows, the absolute number of prescriptions of bupropion and NRT was very low, so 1 or 2 positive values would have affected the overall OR. This is also reflected by very wide confidence intervals. Hence, it is possible that our analysis might have not captured an actual disparity. Again, future studies to investigate the potential of such a disparity are required. The results of this study also underscore that it may not even be possible to evaluate possible disparities in prescriptions due to the extremely low prescription rate.
In addition to the small values reported for the outcome variable, this study has another limitation; namely, that bupropion could have been prescribed for depression. Unfortunately, the NAMCS does not provide information explaining why patients were prescribed various medications. The authors tried to adjust for this confounding effect by using depression as one of the covariates in the regression analysis. Indeed, depression was closely related to the prescription of bupropion. Nevertheless, it is noteworthy that the already very low prescription rate of smoking cessation medications declined significantly over the study period. One explanation could be the safety warning placed by US Food and Drug Administration (FDA) regarding varenicline and bupropion due to the risk of neuropsychiatric events for bupropion (2009) and varenicline (2007) [16] , although there are no data to support the possibility of a relationship between the safety warning and the low prescription rate. Since then, the safety of varenicline and bupropion has been controversial. Importantly, in 2016, the FDA removed this warning based on a double-blinded randomized controlled trial [12, 20] . At the time of the present study, post-2012 data were not available. However, further studies should investigate trends in the usage of prescription smoking cessation medications after the FDA removed the warning. Considering the effectiveness of smoking cessation medications and the significant benefit of smoking cessation among COPD patients, the utilization of smoking cessation medications should be optimized. Further studies are warranted to continue analyzing trends in the prescription rate, to explore the barriers to prescription, and to design proper interventions to promote the prescription of appropriate smoking cessation medications in active smokers with COPD.
